The M-phase-promoting factor modulates the sensitivity of the Ca2+ stores to inositol 1,4,5-trisphosphate via the actin cytoskeleton.
The resumption of the meiotic cycle (maturation) induced by 1-methyladenine in prophase-arrested starfish oocytes is indicated by the breakdown of the germinal vesicle and is characterized by the increased sensitivity of the Ca2+ stores to inositol 1,4,5-trisphosphate (InsP3) to InsP3 starting at the animal hemisphere (where the germinal vesicle was originally located) and propagating along the animal/vegetal axis of the oocyte. This initiates Ca2+ signals around the germinal vesicle before nuclear envelope breakdown. Previous studies have suggested that the final activation of the maturation-promoting factor (MPF), a cyclin-dependent kinase, which is the major element controlling the entry of eukaryotic cells into the M phase, occurs in the nucleus. MPF is then exported to the cytoplasm where its activity is autocatalytically amplified following a similar animal/vegetal spatial pattern. We have investigated whether activated MPF was involved in the increased sensitivity of the Ca2+ response to InsP3. We have found that the development of increased sensitivity of the Ca2+ stores to InsP3 receptors together with the Ca2+ signals in the perinuclear region was blocked in oocytes treated with the specific MPF inhibitor roscovitine. That the nuclear MPF activation is indeed required for changes of the InsP3 receptors sensitivity was shown by enucleating or by dissecting oocytes into vegetal and animal hemispheres prior to the addition of 1-MA. MPF activity 50 min after 1-methyladenine addition was much lower in the enucleated oocytes and in the vegetal hemisphere, which did not contain the germinal vesicle, as compared with the animal hemisphere, which did contain it. The Ca2+ increase induced by InsP3 under these experimental conditions correlated with the changes in actin cytoskeleton induced by MPF.